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INTRODUCTORY COMMENTS 

t 

This isythe 5 th amendment to this CIP application no. 10/643274. The 1 st amendment was dated 
27 NOV 2003. The 2 nd amendment was dated 27 FEB 2004. The 3 rd amendment was dated 23 MAR 
2004/The 4 th amendment was dated 30 MAR 2004. 

/■ th 

This 5 amendment is to: (1) correct a fatal flaw in the specification that fails to properly describe 
the' intake stroke in the 4-Stroke embodiment of this engine, (2) include a version of the 1-way clutch 
in the written specification that references the changed FIG 12 on the last sheet and (3) revise the 
Underlying Mathematics subsection to make it easier to understand by reducing 5 examples to 1 
and more comprehensive with additional equations. 

See the REMARKS on sheet 13. 

This amendment is believed to be in agreement with Revised Amendment Practice - Effective Date: 
July 30, 2003. Hopefully, it will be the last for this application. 

I can be contacted by the above email or telephone. If by phone, the best time to call is 0730-0830 
Hawaii time, 6 hours later than East Coast daylight saving time. 
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Underlying Mathematics , 

Definitions: 

1 BTU - 778 ft-lbf 
1 hp = 550 ft-lbtfsec. 

2nr' = length of 1-way clutch rim at connecting rod contact, (ft) 
bore - cylinder diameter, (in.) 

Cp - cylinder pressure calculated from known bore size, (psi) 
Dp - displacement (cu.in.) 
E - fuel efficiency 

F - combustion force per piston, (lbf) 
Fg - fuel flow rate (gals/hr) 
Fi - force on the inner race (lbf) 
Fr - fuel flow rate (Ibm/sec) 

Fu - force per unit 89 (lbf) See FIGs 7 or FIG 8 for unit 89. 
Fw- fuel's weight (Ibm/gal.) 
hp - shaft horsepower. 

k = 2 or 4 (k = 2 for a 2-stroke. k = 4 for a 4-stroke.) 

Lo - pow e r loss e s [[( ]]fraction of power lost fu e l's e n e rgy d e nsity). 

n - number of active pistons. 2,4,6,8, . . . 

n/k - number of overlapping pistons cycling through the power stroke. 
Nil - number of units 89 (FIGs 7.8). 

[[F']] £e - estimated combustion pressure per piston, (psi) Used to find the bore size, (in.) 
Ps - length of piston's stroke, (in.) 
Qc - fuel's energy density. (BTU/lbm) 
r - radius of cylinder, (in) 

f - 1-way clutch radius at connecting rod contact, (ft) 

ri - radius of the 1-wav clutch inner race, (ft) 

Rv - power shaft's rotation rate, (rpm) 

Sp - Center to center spacing between units 89 (FIGs 7.8). (ft) 

T - torque per piston, (lbf-ft) 

T' - total shaft torque, (lbf-ft) 

Vp - piston velocity, (ft/sec) 

Equations: 

Vp = 7t(r')(Rv)/(30) Piston rod's and the 1-way clutch's rim speeds are equal at contact, 
r' = 30(Vp)/n:(Rv) r\Vp, Rv are central to this engine's design and operation. 
Rv = 30(Vp)/(7ir') 
F = 550hp(k)/(nVp) 

F - 16500(hp)(k)/7t(n)(Rv)(r') 

hp = F(n)fypV5S0 

hp = Frf778(Oc)(l-LoW550 

T = F(r') 

T' = nT/k 

[[F']]Pil= F/[7i(r 2 )] 
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bore = 2[F/(rc[[F']]PE)]- 5 

F = 7c[[F']]£Pfi}(boreV4 

S P - 550hp(l+lo) 

Fr ~ (Sp)/77 8 Qc) 

Fr ~ (F)(n)^p)/[k(77 8 Qe)] 

Fi = Fd^Vri 

Nu = 27t(rrt/Sp 

Fu ■ F(r'¥SpV27t(ri 2 ) 

Fu = FfrVf rO(Nu) 

Fu = Fi/Nu 

Cp = 4F/(7ibore 2 ) 

Dp = 7t(bore/2) 2 (Ps)(n) 

Fr = 550hp/f778(Qc)a-Lo)l 

Lo = l- 550hp/778fOc)Fr 

E = l-Lo 

E = 550hp/778(Oc)Fr 
Fg = Frf3600)/(Fw) 

The following example demonstrates the effectiveness of the Underlying Mathematics in finding 
the correct general engine specifications from which the rest of the engine can be built. The given 
values are hypothetical. This example is for a low power engine, e.g. lawn mowers and outboard 
marine, but the math can be applied to any size engine. 

Example: 
Given: 

[[F']]£b = 100 psi; F = 300 lbf; Vp = 3.5 ft/sec; r' = 4.5" = .375 ft; ri = 3.75" = .3125 ft: 
k = 2; n = 2; Qc = 20500; Lo = .35; Fw = 6 lbm/gal; Sp = 6" = ,5ft 

hp = 300(2)(3.5)/[2(550)] - 1.909 

r 2 = 300<1007i) = .9549 in 2 

bore = 2[300< 1 00k)] 5 = 1.9544 in. 

Rv = 30(3.5)/(.375ji) = 89.13 rpm 

Fi = 300(4.5V3.8 = 355.37 lbf 

Nu = 2n(3.8V6 = 4 

Fu = 300(4.5^/16(3.75^ = 60 lbf. 

T = 300(.375) = 112.5 lbf-ft 

Fr = 550(1.909)/[778(20500)(l-.35)] - .000101284 lbm/sec. 
Fg = .000101284(3600)/6 - .060770629 gals/hr. 

Given: hp= 10; F = 380 lbf. 

Vp = 550(l0)(2)/(2)(380) = 14.5 fVsec. 
Rv - 30(14.5)/(.375n) = 369 rpm. 
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Fi = 330(4.5y3.8 = 4501bf 
Fu = 380(4.5U6f3.75)1 = 113 lbf. 
Cp = 4(380)/t(1.9544 2 )ji] = 126.67 psi. 
T - 380(375) = 142.5 lbf-ft 

Fr = 550(10)/[778(20500)(l-.35)] = .000530537 lbra/sec. 
Fg = .000530537(3600)/6 = .318322345 gals/hr. 

Th e e xampl e s n e xt ar e only to illustrat e how th e und e rlying mathematics can b e us e d to 
find basic e ngin e specifications. Input valu e s ar e e stimat e s- 
Exampl e s: 

1 . A 2 cylind e r, 2 - stroke, 4 5 hp e ngin e - 
Lot: hp ~ 20; k -2; n - 2; F = 575 psi; r' - .5 ft; F - 1 100 lbf; P s - 4.5 in; 

Fw ~ 6 lb/gal; Qc ~ 20500; Lo = .35 

Vp - 10 ft/sec ~ 550(20)(2)/(2)(l 100) 

— bore - 1.561 in. - 2(11 00/575 nf ~ — S e t bor e size at moot frequently used 20 hp. 

— Rv ~ 191 rpm. - 30(10) / (.57t) — R e duotion g e ar may b e r e quir e d- 
Dp - 17.2 cu.in. ~ 7t(1.56l/2)*(4.5)(2) 
Fr - .00106107 4 Ibm/scc. ~ 550(20)/(77 8 )(20500)(l .35) 

— Fg ~ .6367 gols/hr. - .001061074(3600)/6 

— T-550 lbf ft.~ 1100(5) 

— Lot: hp ~ 45; k ~2; n = 2; F = 575 psi; r' = .5 ft; Vp = 15 ft/ se c. 
— bore - 1.561 in. - 2(1 100/57571)^ bor e siz e sam e as 20 hp. 
— F ~ 1650 lbf. ~ 550(45)(2)/(2)(15) 

— Rv - 2 8 6 rpm. - 30(15) / (.5fl) — R e duction g e ar probably r e quir e d. 

— Cp ~ 8 62 p s i. ~ 4(1650)/ti(1.561 3 ) 

— Fr ~ .0023 8 7 4 1 8 lbm/see. ~ 550(45)/(77 8 )(20500)(l .35) 

— Fg ~ 1. 4 32 gals/hr. - . 0023 8 74 1 8 (3 600)/6 

— T-825 lbf ft. ~ 1650( 5) 

2. A 4 cylind e r, 4- strok e 4 00 hp e ngin e . 

— Lot: hp - 50; Vp = 14 ft/see; F = 700 psi; n - 4; k = 4; r' - .75 ft - 9 in.; Ps = 5.0 in; 

Fw ~ 6 lb/gal; Qc = 20500; Lo = .35 

— F - 196 4 lbf. ~ 4(50)(550)/4(14) 
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Rv-17 8 rpm-30(H)/(.75n) 
— bore ~ 1. 8 90 in. - 2(1961/70071)^ — S e t bor e s iz e at most fr e qu e ntly used 50 hp. 
— Dp - 56 cu.in. - Tt(l. 8 90/2)*(5.0)(1) 
— Fr ~ .0026526 8 6 lbm/scc. = 550(50)/(778)(20500Xl .35) 
— Fg - 1.592 gals/hr. = .0026526 8 6(3600)/6 
— T ~ T ~ 1 4 73 lbf ft. ~ 1961(.75) 

t 

— L e t: hp ~ 100; Vp = 27 ft/s e o; F' = 8 00 poi; n = 1; k ~ 1; r' - .75 ft = 9 in. 
— F - 8 1 4 8 lbf. ~ 1(100)(550)A1(27) 

Rv ~ 3 44 rpm - 30(27)/(.75ti) 
— bore ~ 1.890 in. bor e size same as 50 hp. 

Cp~ 290 4 psi. -4( 8 14 8 )/7t(1. 8 90 3 ) 

— Fr ~ .021221 4 9 lbm/scc. - 550(100)/(77 8 )(20500)(1 .35) 

Fg^ 12.733 gal s /hr. = . 02122H9(3600)/6 
— T ~ T ~ 6111 lbf ft. ~ 8 118( 75) 

* If this engine wer e a 2 Stroke, there could b e 50% pow e r stroke ov e rlap with both pairs activ e . 

At low pow e r, a pair of pistons could b e stopped without load on th e e ngin e . 
3. A 6 cylind e r, 2 - strok e 1200 hp. e ngin e . 

— L e t: hp = 700; Vp = 25 ft/sco; F = 800 psi; n = 6; k = 2; r' - .75 ft = 9 in; Ps = 6.0 in. 
F ~ 5133 lbf. ~ 2(700)(550)/6(25) 
Rv - 31 8 rpm = 30(25)/(.757t) 

— bore ~ 2. 8 58 in. = 2(5133/ 8 00tc) , s — S e t bor e siz e to mo s t frequ e ntly us e d pow e r- 
Dp - 231 eu.in. - tc(2.85 8 /2) 3 (6.0)(6) 

— T-3 8 50 lbf ft.-5133(.75) 

— T - 1150 lbf ft. - 6(3850)/(2) 

— Let: hp ~ 1200; Vp = 35 ft/ooo; n = 6; k = 2; r' - .75 ft. - 9 in. 

F - 62 8 5 lbf. - 2(1200)(550)/[(6)(35)] 
— Rv - 44 6 rpm - 30(35)/(.75rc) 

— bore ~ 2. 8 5 8 in. bor e siz e sam e as 700 hp. 

— Cp ~ 980 p s i. ~ 1(6285)/tc(2. 8 5 8 3 ) 
— T~ 4 71 4 lbf ft. ^ 62 8 5(.75) 
— T ~ 1 4 1 4 lbf ft. ^- 6(171 1)/2 
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1. An 8 cylinder (2 banks of 4 oyls. e aeh), 4 stroke, 1200 hp engine. 

— Let: hp ~ 1200; F = 8 00 psi; n ~ 8 ; k ~ 1; Vp = 35 ft/ooo; r' = 1.25 ft; P s = 6.0 in. 

1 oyl. p e r 1 - way olutoh requiring e ight 1 way elutoh e o. 50% overlap. 

— Rv ~ 267 rpm - 30(35)/( 1.25k) 

F - 9 4 29 Ibf. ~ 1(550)(l200)/[( 8 )(35)] 
— bore ~ 3. 8 7 4 in. = 2(9429/80071)- * 
— Dp - 566 cu.in. - 7c(3. 8 74/2)* (6)(8) 

T ~ 11786 Ibf ft. = 9129(1.25) 
— T ~ 23573 Ibf ft. = 8 (1 17 8 6)A1 

5. A larg e 8 cylind e r, 2 strok e , 8 ,000 hp marine e ngin e . 

— Let: hp ~ 8 000; F - 8 00 pai; n - 8; k ~ 2; Vp = 2 8 ft/ooo; Rv ~ 100 rpm; P s = 10 in; Lo = .35; 
Fw = 7.1 lbm/gal. (1 cyl./l - way dutch us e s 8 1 way clutch e s. 75% pow e r s troke ov e rlap.) 

F ~ 39286 Ibf. = 2(550)( 8 000)/[(8)(2 8 )] 

— r' - 2.673 ft. - 30(2 8 ) / (1007[) Units 89 (FIGo 7,8) aro carried by a short rimm e d out e r rac e 5 

with a singl e spok e 35 to r e duc e in e rtia. 

— bore ~ 7.907 in. = 2[(392 8 6/ 8 00ti)]' s — S e t bor e s iz e to mo s t fr e qu e ntly used pow e r- 
Dp ~ 3929 cu.in. = 7r(7.907/2) 3 (10)( 8 ) 

Fr - . 4 57600229 lbm/ s cc t - 550( 8 000)/(77 8 )(190H)(l .35) 

— Fg~ 232^02 gal s /hr. - . 1 57600229(3 600)/7.1 
— T - 105011 Ibf ft. ~ 392 8 6(2.673) 
— T ~ 4 200 4 6 Ibf ft. = 8(10501 1)/2 

* R e s e t pow e r by aotivating/d e activating piston pairs th e n vary pow e r by varying th e fu e l oharg e . 
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Interchanging 4-Stroke and 2-Stroke. 

With reference first to FIG 3, the flexible chain 9 must be made stiff enough to pull the piston 
38 down during the intake stroke in the 4-stroke engine. In this case, the outer race 5 is a cogwheel 
and the cogs fit between the chain links similar to a bicycle chain. Each side of each link has an 
extension that rides in an immovable channel that is secured to the engine. The two channels 

■ 

combine with the side extensions to prevent the chain from flexing out of mesh with the race 5 
cogwheel during the intake stroke and without interfering with the other piston strokes. Both 
channels are shaped in an arc around the race 5 where they are connected with a solid cover over the 
chain to insure against the chain flexing. The cover ends near the position of fastener 41 in FIG 3 
when piston 38 is at top dead center. The channels continue straight downward without the cover to 
prevent the chain from flexing when it is straight. The straight channels extend to a point slightly 
beyond the position of fastener 4 1 when the piston is at bottom dead center. The fastener is 
connected to the chain free of the extensions so that the channels do not interfere with the motion of 
the chain. This allows the fastener 41 to reach its highest point (FIG 3) where it is in position to 
begin the intake stroke and complete the stroke without interference from the channels or the cover. 

Ther e ar e at least two simpl e ways to e ff e ct this chang e . There are at least two simple ways to 

change between a 2-stroke and a 4-stroke. In a 4-stroke, a sector gear 12 on two pairs engages idler 
40A (FIG 6). A removable cap 54 having a hole is removably s e cured, e .g. threaded[[ J] to the 
engine 15. The shaft 43 of idler 40A has two diameters. The shorter one extends through the hole. A 
snap ring 56 on the shorter diameter abuts the cap and combines with the larger diameter that abuts 
the inside of the cap to prevent the idler 40A from axial movement which keeps the idler properly 
engaged with the two sector gears. When changing to a 4-stroke from a 2-stroke, the pistons must be 
correctly align e d positioned before engaging the idler with the sector gears. One of the correct 
alignm e nts positions is shown in FIG 6 with 2 pistons at top dead center and 2 at bottom dead center. 
Power stroke overlap for a 4-stroke can be achieved by adding another bank of two pairs along the 
shaft 8 disengaged from the bank shown in FIG 6 or by adding separate pairs. To avoid cluttering, 
FIGs 6,6 A show th e splin e d e nd of shafts 4 3 without flywh ee ls 4 8 . 

The separation 1 in FIG 6A makes the 4-stroke a 2-stroke. To change to a 2-stroke from a 
4-stroke, the cap 54 is partly unscrewed to a predetermined position on the engine 15, which raises 
shaft 43 and disengages idler 40A from sector gears 12 (FIG 8A) (FIG 6A) . The cap is held in place 
by known means, e.g. a dowel through the side of the cap that contacts engine 15. 

Alt e rnativ e ly, for a 4- strok e , on e or mor e dow e ls through e ngin e 15 e ngage a radial groov e in 

shaft 43 to pr e v e nt axial mov e ment but allows rotary motion of idler 4QA while e ngaging s e ctor 
g e ars 12. To chang e to a 2 strok e , th e dow e ls ar e r e mov e d from th e groov e . Idl e r 4 0A is s e parat e d 
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from sector gears 12 by lifting shaft 43 to wh e r e th e dowels aro insert e d in a second groov e . Shaft 13 
is lift e d to wh e r e th e dow e ls ar e insert e d in a s e cond groov e , which separates idler 10A from s e ctor 
gear 12. 
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The second mechanical version is shown in FIG 12. Some reference numbers for the same parts 
in FIG 1 1 are omitted in FIG 12 to avoid overcrowding. In FIG 12, th e rod 101 is discard e d by 
conn e cting on e arm of th e l e v e r 100 dir e ctly to th e wrist pin 97. A slant 25 of th e contact surfac e s is 
provid e d betw ee n the piston 81 and rac e 4 . Th e spring 1 1 in FIG 13 can b e includ e d. A lever 100 
oscillates on its fulcrum 99 which extends from race 4. A gear mesh combines lever 100 with rod 84 
to shift piston 81 into and out of contact with surface 1 12 on race 5. The piston is shown in contact 
with surface 1 12. The single piece rod 84 and piston 81 shift along a clutch radial 93 while in sliding 
contact with the carrying race 4. Space 88 allows the shift. Only a few teeth complete the gear mesh 
since the rod's motion is very short. A very short motion reduces backlash and may even make it 
negligible. If short enough, the gear mesh could be eliminated in favor of a single piece lever and 
rod. The spring-loaded trigger 85 at the end of arm 3 extends across gap 28 and stays in contact with 
the tough, long wearing strip 14 carried by race 5. The piston never contacts the strip 14, The trigger 
slides over strip 14 during overrun and grabs it at the beginning of the power stroke to oscillate the 
lever in response to the motion of race 5. thereby shifting the rod and piston. Torque is thus 
efficiently transmitted to race 4 perpendicular to the clutch radial 93. 

Not shown is a third mechanical version that sets the piston on one radial of the clutch and the 
fulcrum on another. It can also eliminate the rod 101. 

In all the 1-way clutch embodiments shown in FIGs 9-11,13 : (1) the angle at the trigger's two 
extreme positions must not cause jamming, (2) the trigger should be suitably coated with a s uitabl e 
c e ramic a nd shaped to reduce drag but instantly grab the outer race when reversing to the drive 
direction, (3) the piston's motion 88 goes only far enough to provide clearance between the piston 
and the outer race during overrun and (4) one of the contact surfaces has a common V-groove and 
the other contact surface is beveled to fit it to prevent slip. 
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